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METHOD AND APPARATUS FOR CONTROLLING A PUMPING UNIT 



FIELD OF THE INVENTION 
This invention is directed to oil and gas field pumping units, and, more particularly, 
to control systems for minimizing the run time to reduce wear on the pumping unit and 
associated pump rods and tubing. 
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BACKGROUND OF THE INVENTION 
Oil and gas field pumping units conventionally convert a rotary motion from an 
electric or gas powered engine to a vertical reciprocating motion for moving a 
subsurface pump and sucker rods in a tubing string for vertically removing liquid from an 
a 10 oil, gas, or water bearing formation. The subsurface pumps typically employ a series of 
U, lift check valves within a tubing string to cause vertical movement of liquid within the 

3^ tubing string. But the check valves seal against and move relative to the tubing string 

jl so that there is substantial wear of the down hole components. This wear is increased 

:i when a tubing string and associated cased well bore are not perfectly vertical, but have 

15 significant amounts of deviation from vertical, i.e., the casing is "crooked". 

In an oil and gas field, the fluid level in the casing-tubing annulus must be 
maintained at some minimum depth in order to reduce the hydrostatic head of the fluid 
in the casing-tubing string and enable the oil, gas, and water to enter the casing. 
Typically, the subsurface pump is sized to pump more volume of liquid than will enter 
20 the well bore over time so that a pump does not have to pump continuously to maintain 
a selected fluid level between selected elevations, i.e., to maintain a selected maximum 
hydrostatic head. Thus, continuous pumping unnecessarily aggravates wear in the 
surface and down hole pumping unit system components. 
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It will be appreciated that replacing down hole components as a result of wear is 
expensive and time consuming since the entire pump string must be removed and 
refurbished. For example, if the duty cycle of a pumping unit is reduced by a factor of 
four, the replacement cycle period for down hole components is increased by a factor of 
5 four with a substantial reduction in costs and increase in well utilization. 

Pumping units typically may be powered by electric motors or by natural gas 
powered engines. Where electric motors are used, the motor may be simply turned on 
and off according to a predetermined cycle to control the pumping cycle and 
concomitant liquid level. But in remote locations where engines are used, it is not 
10 desirable to turn the engines on and off because of reliability problems, reduced battery 
life under repeated start cycles, and the labor needed to periodically return to a pump 
site. Until the present invention, there has not been a suitable control system for 
:S providing a reliable duty cycle from pumps using natural gas engines. 

Various objects, advantages and novel features of the invention will be set forth in 
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C 15 part in the description which follows, and in part will become apparent to those skilled in 
the art upon examination of the following or may be learned by practice of the invention. 
The objects and advantages of the invention may be realized and attained by means of 
the instrumentalities and combinations particularly pointed out in the appended claims. 

2 0 SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects, and in accordance with the purposes of the 
present invention, as embodied and broadly described herein, this invention provides a 
method for reducing the pumping duty cycle of a pump assembly associated with a 
pumping oil, natural gas, or water well. An engine is connected with a pump assembly 
25 through a pneumatically actuated clutch and a selected event is determined to actuate 
the clutch to connect the engine with the pump assembly. A pressurized gas is supplied 
on the occurrence of the selected event to actuate the clutch to connect the pump 
assembly with the engine to remove liquid from the gas well to maintain an inflow of 
hydrocarbons from the producing formation. 
30 In another characterization of the present invention, a pumping assembly 

maintains gas flow from a gas well or oil production from an oil well. A pumping 
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assembly pumps liquid from the gas well with an engine for driving the pumping 
assembly, where a pneumatic clutch connects the engine with the pumping assembly, 
A control unit actuates the pneumatic clutch when needed to pump liquid from the gas 
well to maintain an inflow of hydrocarbons from the producing formation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and form a part of the 
specification, illustrate the present invention and, together with the description, serve to 
explain the principles of the invention. In the drawings: 
10 FIGURE 1 is a pictorial illustration of a controlled pumping unit according to the 
present invention. 

FIGURE 2 is a schematic of an exemplary control system for actuating a pumping 

\M FIGURE 3 is a cross-section of a gas-actuated clutch for use in the pumping unit 

p 15 shown in FIGURE 1. 

™* 

iS DETAILED DESCRIPTION 

.:^ In accordance with the present invention, a gas actuated clutch is used to connect a 

natural gas powered engine to a pumping unit to cycle the pumping unit as needed to 
m 20 maintain a fluid level in a borehole between selected elevations and maintain a 
% sustained inflow of hydrocarbons from the producing formation. The actuating gas is 
preferably natural gas from the well so that the actuating component is conveniently 
available at the well site. 

Figure 1 is a pictorial illustration of one embodiment of the present invention. Pump 
25 unit 10 is comprised of a pump having lever arm 12, support pivot 14, crank arm 16 and 
sucker rods 18. Crank arm 16 operates as a conventional aank shaft and converts 
rotary motion from pneumatic clutch 28 to reciprocating motion for vertically pivoting 
lever arm 12 about support pivot 14 and vertically move attached sucker rods 18. 
Internal borehole pump configurations are well known and are not described herein. 
30 Liquid, usually oil and water, is removed from the borehole and collected by 
associated piping and tanks (not shown) for periodic collection and sale or disposal. 




Figure 1 shows the power components (clutch 28, flywheel 26, and engine 24) in-line 
with the pump components for ease of depiction. Usually the power components are 
perpendicular to the pump components to simplify the connection of crankshaft 16 to 
lever arm 12. It will be appreciated that the configuration of the engine drive 
5 components in Figure 1 is only exemplary and many different arrangements of the 
components may be made and still achieve the advantages of the present invention. 

Clutch 28 is powered by engine 24. In one embodiment, flywheel 26 is interposed 
between engine 24 and clutch 28 to smooth the rotary motion of clutch 28 when 
connected to crankshaft 16 so that a smooth vertical motion is imparted to sucker rods 
10 18. Engine 24 is preferably powered by natural gas from dryer 46, but another gas 
supply might be provided. 

Natural gas from the well borehole exits through gas outlet 32 and may pass 
through a dryer 46 for removing entrained liquid in the gas. The gas is pressurized and 
pumps are not required for creating a flow of the gas. Most of the gas exits dryer 46 for 
15 collection and sale, but some of the gas is returned through a manifold line 34 to power 
ni engine 24 and, in accordance with the present invention, to control unit 36 through line 
^ iS to actuate pneumatic clutch 28. 

L Control unit 36 acts to provide gas for engaging clutch 28 to connect engine 24 with 

ij-l crank arm 16. Thus, pumping action can be on a periodic basis as needed to keep a 
nil 20 maximum fluid hydrostatic head within the borehole and to maintain a flow of natural 
■5 gas. Control unit 36 may be a simple timer unit that is powered by a remote power 
supply such as batteries, photovoltaic cells, and the like, or using a battery that is 
charged by a generator (not shown) connected to engine 24. The timing cycle may be 
set manually by observing the rate of accumulation of fluid in the borehole and adjusting 
25 the duty cycle of pumping unit 10 to maintain a fluid elevation between selected limits. 

In another embodiment, the actual fluid level in the casing is monitored directly by, 
e.g., liquid level monitor 42, which may use sonic transducers, radar, or light to 
interrogate the liquid surface level. A suitable liquid level monitor 42 is sold under the 
tradename Echo Meter. Now, clutch 28 is engaged whenever the fluid level in the 
30 casing-tubing annulus actually reaches a predetermined minimum height and is 
disengaged when the fluid level is pumped down to a predetermined depth. 




For either a timing unit or a level monitoring unit, a simple arrangement of solenoid 
valve or valves is actuated to supply gas to pneumatic clutch 28 or to exhaust gas from 
pneumatic clutch 28. Circuitry for actuating solenoid valves in response to a signal from 
a clock circuit or from a level monitor is well known and an exemplary embodiment is 
5 shown in Figure 2. Natural gas from the well head is provided to control unit 36 through 
input line 34. A first, coarse regulator 82 provides a regulated gas pressure to volume 
pot 84, which accumulates high pressure gas and then supplies low pressure gas 
through second, fine regulator 86 in sufficient volume to actuate the pneumatic clutch 28 
(Figure 1 ). Solenoid 88 is actuated to provide gas to clutch 28 through line 38 or to 
10 exhaust gas from clutch 28. Solenoid 88 may be timer controlled or may be controlled 
by liquid level monitor 42 (Figure 1 ) on well head 22. 

Figure 3 is a cross-section of an exemplary pneumatic clutch 28 for use in the pump 
□ assembly 10 shown in Figure 1 . Rotary motion from engine 24 (Figure 1 ) is transmitted 
l;3 by shaft 52 to clutch plate 56. Clutch hub 60 engages clutch plate 56 through clutch 
15 bladder 58. When clutch bladder 68 is pressurized, clutch hub 60 is connected to dutch 



plate 56 and the rotary motion of engine 24 is transmitted to shaft 64 to, e.g., flywheel 
72 for connecting to crankshaft 16 (Figure 1 ) and translating rotary motion into vertical 
motion. Shaft _64 may also be connected to a gear (not shown) for actuating a gear box 
(not shown) for increasing the torque to move crank arm 16. Any number of mechanical 



Clutch bladder 58 is pressurized by supplying a pressurized gas through gas supply 
line 38 into stationary hub 68 and through axial cavity 66 of shaft 6A to clutch bladder 
58. The pressurized gas is preferably natural gas from the adjacent well head, but any 

25 source of a compressed gas could be used, such as a compressed air tank or an air 
compressor powered by natural gas from the well. Stationary hub 68 is connected to 
shaft 64 for relative rotation therebetween and is sealed to shaft 64 to permit the 
introduction of pressurized gas into clutch bladder 58. A suitable clutch is sold under 
the tradename Oil States Clutch, Expanding or Contracting. 

30 Control unit 36 (Figure 1 ), thus, connects and exhausts pressurized gas within 
clutch bladder 58 to intermittently connect clutch plate 56 to clutch hub 60. Pumping 
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configurations are known for connecting the rotary output of pneumatic clutch 28 to 



crankshaft 16. 
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assembly 10 then intermittently pumps liquid from well bore 22 so that a hydrocarbon 
inflow is maintained while greatly reducing the wear on pumping assembly 10 and, more 
particularly, the piping string and associated components within well bore 22. 

The foregoing description of the invention has been presented for purposes of 
5 illustration and description and is not intended to be exhaustive or to limit the invention 
to the precise form disclosed, and obviously many modifications and variations are 
possible in light of the above teaching. 

The embodiments were chosen and described in order to best explain the principles 
of the invention and its practical application to thereby enable others skilled in the art to 
10 best utilize the invention in various embodiments and with various modifications as are 
suited to the particular use contemplated. It is intended that the scope of the invention 
be defined by the claims appended hereto. 
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